Introduction: Although Indian Health Service, tribally-operated, and urban Indian (I/T/U) healthcare facilities have higher human papillomavirus (HPV) vaccine series initiation and completion rates among adolescent patients aged 13-17 years than the general U.S. population, challenges remain. I/T/U facilities have lower coverage for HPV vaccine first dose compared with coverage for other adolescent vaccines, and HPV vaccine series completion rates are lower than initiation rates. Researchers aimed to assist I/T/U facilities in identifying interventions to increase HPV vaccination series initiation and completion rates.
INTRODUCTION
T he Indian Health Service (IHS) is the U.S. federal agency responsible for providing health care to 2.2 million American Indian and Alaska Native (AI/AN) people from 566 federally recognized tribes. IHS is divided into 12 administrative regions, and supports a network of IHS, tribally-operated, and urban Indian (I/T/U) healthcare facilities in 35 states ( Figure 1 ). 1 For many vaccines, the IHS patient population has higher coverage than the general U.S. population. 2, 3 IHS supports a comprehensive electronic health record (EHR) system used by the majority of I/T/U facilities that includes provider reminders for routinely recommended vaccines. Data reside at the facility and are not shared between facilities. The EHR and programs like Vaccines for Children, which provides free vaccines for all AI/AN children, likely contribute to higher vaccine coverage. [2] [3] [4] The human papillomavirus (HPV) vaccine is routinely recommended for male and female adolescents to prevent HPV-associated genital warts and cancers of the cervix, anus, oropharynx, vagina, vulva, and penis. 5 The Advisory Committee on Immunization Practices recommends adolescents receive tetanus, diphtheria, and acellular pertussis (Tdap), meningococcal conjugate (MenACWY), and HPV vaccines at age 11 or 12 years. Despite this recommendation, nationwide, HPV vaccine coverage falls short of coverage with other adolescent vaccines. 6 The HPV vaccine is particularly important for AI/AN women, as they experience higher rates of cervical cancer and cervical cancer-related incidence and mortality compared with white women, and in some geographic regions, higher rates of HPV infection than white women. [7] [8] [9] In IHS, HPV vaccine coverage is higher than coverage in the general U.S. population, but consistently lags behind coverage with Tdap and MenACWY vaccines. 10 For 2013, IHS first dose HPV vaccine coverage among male and female adolescents aged 13-17 years was 72%, and third dose coverage was 57%. Coverage for Tdap and MenACWY vaccines for this age group was 92% and 89%, respectively. 10 Previous research among providers, including those serving tribal communities, identified multiple HPV vaccination barriers such as infrequent adolescent visits to clinics, limited time with patients, and parental concerns about HPV vaccine. [11] [12] [13] In the present study, researchers collaborated with a selection of I/T/U healthcare facilities with comparatively low HPV vaccine coverage to identify and implement interventions to overcome barriers and increase HPV vaccine coverage.
METHODS

Study Sample
Using IHS quarterly vaccine coverage data, baseline adolescent (female and male adolescents aged 13-17 years) coverage with Tdap and HPV vaccines were determined as of June 30, 2013, at I/T/U facilities within each of the 12 IHS administrative regions. Owing to resource limitations and practical considerations, the study was limited to five regions. Researchers considered overall adolescent vaccine coverage, geography, and existing relationships with regional immunization coordinators and targeted the following regions: Great Plains, Nashville, Navajo, Oklahoma, and Portland.
Within the five regions, all 97 I/T/U facilities were ranked by three measures: (1) the difference between Tdap and HPV first dose vaccine coverage; (2) HPV first dose coverage (i.e., series initiation); and (3) HPV third dose coverage (i.e., series completion). Across these measures, the three highest-ranked and three lowest-ranked I/T/U facilities in each region were chosen as potential best practice facilities and intervention facilities, respectively, totaling 30 potential study facilities. Regional immunization coordinators reviewed the six facilities in their regions and considering practical issues, such as facility staffing levels and competing priorities, selected a total of 14 intervention and 12 best practice facilities representing the five regions.
Potential best practice and intervention facilities were invited to participate in the study. If a response was not received after two e-mails, two phone calls, and contact from the immunization coordinator, the facility was not included.
At each participating facility, snowball sampling was used to identify providers involved in adolescent care or vaccination activities. Researchers interviewed staff in 2014-2015, either individually or as a group, using a structured interview guide from previously published provider surveys about HPV vaccination that was modified for the I/T/U setting. 13 All present study team members compared notes for accuracy. Researchers collected facility characteristics, current vaccination procedures, and perceived barriers to and facilitators of administering HPV vaccine to adolescents. In addition, each facility's baseline vaccine coverage data were shared. Assessments for intervention facilities and best practice facilities were identical, save for an additional open-ended item for intervention facilities regarding changes needed to increase HPV vaccine coverage. Researchers compiled assessment responses from all sites and analyzed data using Microsoft Access in 2015. Researchers performed a descriptive data analysis of responses, given the sample size was too small to detect statistically significant differences between groups.
Data Collection
Researchers compiled possible interventions to increase HPV vaccine coverage from the Guide to Community Preventive Services and other published literature as well as strategies gathered during interviews with best practice facilities ( Table 1 ). [14] [15] [16] Researchers then worked with each intervention facility to identify feasible interventions, and assisted the facility in implementing its selfselected interventions.
For facilities requesting assistance examining missing data, researchers compared the completeness of the facility's EHR vaccination records (for patients missing at least one dose of the recommended adolescent vaccines) with the state immunization information system (IIS) vaccination records, and provided a onetime update to the facility's EHR. For facilities requesting assistance analyzing missed HPV vaccination opportunities (defined as an inperson healthcare visit when a patient was due for, but did not receive, the HPV vaccine), researchers reviewed the last ten healthcare visits of patients missing an adolescent vaccination.
Researchers collected baseline HPV and Tdap vaccine coverage data as of June 30, 2013, for each facility. To monitor the effects of interventions on vaccine coverage, researchers collected quarterly vaccine coverage data from June 30, 2013 through June 30, 2015 from intervention facilities and compared those with baseline data. Researchers also compared coverage for intervention facilities with coverage for best practice facilities and coverage for facilities in the same regions that were not targeted for the project (nonparticipating facilities). Researchers performed cross-sectional analyses of coverage data in 2015.
The study protocol was reviewed by both the Centers for Disease Control and Prevention and the IHS IRBs. Both determined this project constituted public health practice and not research; therefore, no formal IRB approvals were required.
RESULTS
Of the 12 best practice facilities and 14 intervention facilities invited to participate, nine best practice and ten intervention facilities agreed to participate, representing the five IHS regions. Researchers conducted 35 interviews among staff.
Best practice and intervention facilities, at baseline, had a total of 6,294 and 6,239 adolescents aged 13-17 years, respectively. Best practice facilities, compared with intervention facilities, had higher mean first dose HPV . Owing to regional variability, intervention facilities in some regions had similar coverage to best practice facilities in other regions. All facilities had an electronic provider reminder for both HPV vaccine initiation and series completion. In addition, most facilities in both groups (89% among best practice and 90% among intervention facilities) reported co-administering HPV with Tdap and MenACWY vaccines (Table 1) .
Most best practice and intervention facilities (89% and 80%, respectively) had standing orders in place; however, a higher proportion of best practice facilities than intervention facilities reported providing vaccines during nurseonly visits (89% vs 60%, respectively). Few facilities reported vaccinating outside the clinic setting (22% of best practice and 30% of intervention facilities). Most best practice facilities (89%) reported educating patients and parents about the HPV vaccine outside clinical visits through schools or at community-based events such as health fairs. By contrast, less than half of intervention facilities (40%) reported educating patients and parents about the HPV vaccine outside clinical visits. Although researchers did not ask specifically about nurse involvement, discussion initiated by the open-ended questions revealed best practice facilities had greater nurse involvement in clinical visits and with reminder strategies than intervention facilities. The most notable difference between best practice and intervention facilities was their use of phone call reminders: Seventy percent of intervention facilities used this strategy at baseline compared with only 11% of best practice facilities. Table 1 includes other strategies both best practice and intervention facilities used.
Overall, the top five barriers to HPV vaccination at intervention facilities were reported by providers to include the lack of patient awareness about vaccine benefits, missing vaccination data, clinic access issues, vaccine safety concerns, and parent beliefs that HPV vaccine increases sexual activity. More intervention facilities than best practice facilities (60% vs 33%, respectively) reported that a major barrier to HPV vaccine series completion was lack of awareness among patients and their parents of the recommendation for three doses (data not shown).
After the assessments, eight of ten intervention facilities implemented strategies to increase HPV vaccine coverage (Table 1 ). All eight facilities implementing interventions selected more than one intervention.
All intervention facilities implementing strategies started or enhanced reminder recall activities using phone calls, patient reminder magnets, and postcard/ letter reminders (Table 1) , with some facilities implementing more than one reminder recall strategy.
Three intervention facilities requested provider education sessions (Table 1) . Researchers performed five staff education sessions (three in person and two virtual) incorporating the Centers for Disease Control and Prevention's "You Are the Key to HPV Cancer Prevention" campaign. 16 Researchers presented facility-specific information on HPV vaccine coverage and shared barriers the facility identified in the baseline assessments and data on missed opportunities and missing data (for facilities opting for these analyses).
Several facilities increased HPV vaccine access by vaccinating outside the clinic (n¼3), establishing walk-in nurse immunization clinics (n¼3), or through implementing standing orders more consistently (n¼2). Two facilities requested assistance conducting a missing data analysis and a missed opportunities analysis (Table 1) . Two additional facilities conducted their own review of missing data, updating patient records with data from their state IIS. Table 1 Note: "Non-participating facilities" refers to Indian Health Service, tribally-operated, and urban Indian healthcare facilities within the Great Plains, Portland, Nashville, Navajo, and Oklahoma Indian Health Service regions, that were neither considered intervention facilities nor best practice facilities. Facilities missing data from either June 2013 or June 2015 were omitted from the analysis. Mean 13-17-year-old male and female population size from 2013 and 2015 for: 68 non-participating facilities¼25,259 persons; nine intervention facilities¼5,943 persons; and nine best practice facilities¼6,026 persons. HPV, human papillomavirus. available online). The mean increase in HPV vaccine initiation and completion at intervention facilities surpassed the mean increase at best practice and non-participating facilities (Appendix Figure 1 , available online).
DISCUSSION
The diversity among intervention facilities, both at baseline and with regard to the implemented interventions, does not allow for direct comparisons to establish the most effective interventions, and was not this study's intention. Despite many differences, all intervention facilities shared one characteristic: They had lower HPV vaccine coverage compared with other I/T/U facilities in their region. This study recognizes the diversity among healthcare facilities and highlights the importance of multifaceted, tailored interventions to increase HPV vaccine coverage. As this study demonstrated, healthcare facilities can implement facilityspecific strategies at minimal cost to increase adolescent HPV vaccine uptake.
The baseline assessment, which provided an opportunity to share coverage data with facilities, may have served as an intervention in and of itself. Coverage with the first and third dose of HPV vaccine increased at two intervention sites that only participated in the initial assessment (data not shown).
Provider reminders in EHR systems have been shown to increase both HPV initiation and series completion. 17 During the baseline assessment, all facilities in the study were already employing electronic provider reminders. Also, most facilities were already using standing orders and reminder recall, both of which the Community Preventive Services Task Force recommends as evidenced-based strategies for increasing vaccine coverage. 18 These strategies may help explain the higher HPV vaccine coverage among patients seen at I/T/U facilities compared with the general U.S. population.
The baseline assessment, however, revealed variation in the consistency with which facilities implemented evidence-based strategies. Although the presence of standing orders between best practice and intervention facilities was similar at baseline, there were differences in implementation; respondents at some intervention facilities indicated that not all clinicians follow existing standing orders. Consistent implementation of standing orders can increase access to HPV vaccine within the clinic. Several intervention facilities chose to promote better adherence to existing standing orders as an intervention, and some used them to establish nurseonly walk-in immunizations.
Use of reminder recall similarly varied by facility. Intervention facilities reported implementing reminder recall sporadically, whereas best practice facilities had dedicated staff to carry out routine reminder recall. All intervention facilities implemented strategies to improve reminder recall efforts. At baseline, the use of patient phone call reminders differed, with more intervention facilities than best practice facilities using phone call reminders. Though calling patients when they are due for HPV vaccine should, in theory, help increase HPV vaccine coverage, phone call reminders may not be as effective as other strategies given inaccurate or frequently changing phone numbers, which may explain why best practice facilities were less likely to use this method. 19 Some intervention facilities chose to explore reminder recall methods such as distributing postcards, letters, and reminder magnets or focusing phone call reminders to certain patients. As this study demonstrated, the mere presence of reminder recall strategies is not sufficient; the method and the consistency with which facilities implement reminder recall is critical.
The extent of community outreach healthcare facilities performed also differed between best practice and intervention facilities. In the baseline assessment, only 40% of intervention facilities reported educating about HPV vaccine outside the clinic compared with 89% of best practice facilities. Although neither clinic-based education nor community-wide education alone have been found to effectively increase vaccine coverage, using Note: "Non-participating facilities" refers to Indian Health Service, tribally-operated, and urban Indian healthcare facilities within the Great Plains, Portland, Nashville, Navajo, and Oklahoma Indian Health Service regions, that were neither considered intervention facilities nor best practice facilities. Facilities missing data from either June 2013 or June 2015 were omitted from the analysis. Mean 13-17-year-old male and female population size from 2013 and 2015 for: 68 non-participating facilities¼25,259 persons; nine intervention facilities¼5,943 persons; and nine best practice facilities¼6,026 persons. HPV, human papillomavirus.
these strategies in conjunction with other strategies has been shown to increase coverage.
14 Barriers intervention facilities reported, such as patient concerns about safety, parental concerns about the link between HPV vaccine and sexual activity, and lack of awareness about the recommendation for three doses, suggest more education and community outreach could be important to increase HPV vaccine coverage. After reviewing the assessment findings and learning about strategies best practice facilities employed (e.g., educating in non-clinical settings), some intervention facilities opted to provide HPV vaccine, information about HPV, or both outside the facility at health fairs or other community settings. Though providing HPV vaccine outside the clinic is not feasible for all facilities, more could be done to increase awareness in the community.
Finally, ensuring providers can access complete immunization data for their patients to support clinical decision making is important. Facilities that opted to improve data completeness using the state IIS saw an increase in HPV vaccine coverage, highlighting the need to continue supporting automated, bidirectional immunization data exchange between EHRs and state IISs.
This study highlights the success of targeted, multifaceted approaches to increase HPV vaccine coverage. As previous studies demonstrated, increasing vaccine coverage requires a combination of strategies tailored to fit the needs of individual facilities.
14 All intervention facilities in the study implemented multiple strategies to address local issues affecting HPV vaccination, including making systems-level changes to the vaccine delivery process, increasing both provider and patient knowledge about HPV vaccine, and leveraging the state IIS. HPV vaccine series initiation and series completion coverage increased at intervention facilities once interventions were implemented (data not shown). Increases in coverage at intervention facilities surpassed those at nonparticipating facilities. Best practice facilities, which already had relatively high rates of HPV vaccine coverage, also saw smaller increases compared with intervention facilities, likely due to high baseline coverage levels.
Importantly, interventions did not require substantial monetary resources. For example, facilities took advantage of free reminder recall resources, such as magnets and postcards the vaccine manufacturer made available. Facilities accomplished all interventions using existing staff resources and by adjusting existing systems and work flow.
Limitations
This study includes multiple limitations. I/T/U facilities invited to participate were selected from just five IHS regions, and not all facilities invited to participate chose to do so. Although most I/T/U facilities use the same EHR provider reminders and serve AI/AN communities, differences in the facilities and patient populations may exist.
Second, researchers cannot infer a causal relationship between interventions and changes in HPV vaccine coverage. Temporal relationships cannot be distinguished because facilities implemented multiple interventions at different times. State health departments and other local organizations' activities may have also contributed to the noted increases.
Third, researchers designated facilities as best practice or intervention facilities using vaccination data from one fiscal quarter. These data did not vary substantially from adjacent quarters, suggesting data accurately represent baseline coverage at each selected facility.
Fourth, owing to snowball sampling, qualitative data collected through interviews were subject to selection bias and may not fully represent actual barriers and facilitators to HPV vaccination. 20 Data were also subject to interview bias because researchers knew beforehand whether respondents represented a best practice or intervention facility. 21 To reduce interview bias, researchers compared notes after each interview and asked respondents to review the summary for accuracy.
Finally, certain themes emerged from the baseline interviews, such as more proactive nursing staff among best practice facilities, which the assessment tool did not systematically assess or quantify. These themes speak to the need for further exploration of how to encourage proactive approaches supporting vaccination efforts.
CONCLUSIONS
Numerous and complex factors affect vaccine delivery; however, this study found that a low-cost, targeted, multipronged approach to addressing vaccine delivery, provider and patient education, and data completeness may increase HPV vaccine coverage.
Efforts to increase vaccine coverage should address the different components of the vaccination process, from patient and provider knowledge to systems increasing access, delivery, and monitoring of vaccines. Overall, the adolescent patient population I/T/U healthcare facilities serve and the general adolescent U.S. population experience similar HPV vaccination barriers. [11] [12] [13] 22 Healthcare providers should consider local context and multiple strategies to increase vaccine coverage. They should also note that healthcare facilities facing similar challenges have already successfully implemented numerous evidenced-based, relatively low-cost interventions.
